The volatile oils of R. canina flowers were isolated by hydrodistillation (HD) and traditional dry distillation (DD) and analyzed by HRGC-FID and GC-MS. Compared to HD, DD at 50 • C leads to the isolation of high quality oil which contains the highest content of oxygenated compounds (83%). The main components are the 2-phenethyl alcohol and eugenol. The percentage of the 2-phenethyl alcohol, a highly desirable component in rose oil, was significantly higher (58.4%) in DD extract when compared to that of HD one (13.6%). As temperature increased (100 • C) during DD, the oil quality decreased. The most significant changes were observed in 2-phenethyl alcohol percentage (4.5%). Moreover, an increase of alkanes/alkenes and the production of furan derivatives were observed. So, DD at moderate temperature (50 • C) seemed more suitable to improve the volatile oil quality and hence, to make more value of R. canina.
Introduction
Rosa canina L. (Rosaceae), known as "dog rose", is a prickly shrub (1-3 m high) with fragrant pink or white flowers. This species has been evaluated for its food-related biological properties, and a multiple functional uses have been suggested. For example, teas made from the fruits of this plant called "rose hips" have mild laxative and diuretic tendencies [1] . They have also been used for the prevention and the treatment of common cold, influenza-like infections, infectious diseases, for vitamin C deficiency, fever, general exhaustion, gastric spasms, prevention of gastritis and gastric ulcers, diarrhea, gallstones and gallbladder discomforts, urinary tract diseases and discomforts, inflammatory disorder, arthritis, nephritis, rheumatism, gout, sciatica, diabetes, inadequate peripheral circulation, and lung ailments [2] .
For nutritional purposes, rose hips are used for the production of marmalade, jam, dessert soup, wine and juices [2] . Ground in a hand mill and cooked with milk, they could be used as children's snack and baby food as reported by the latter authors. In Tunisia, R. canina known as "Nesri" is used for the production of aromatic water called "Nesri water". The latter, usually obtained by hydrodistillation of the flowers, is highly appreciated and consumed as healthpromoting product as well as to prevent cardiovascular diseases, although no pharmacological investigations have supported this application so far. Additionally, this aromatic water is widely used as a flavouring agent of drinks, for the production of jam, marmalade, and the special traditional cake of Zaghouan (traditional area of cultivation of R. canina in north eastern Tunisia).
The functional properties of R. canina were attributable to a wide array of bioactive ingredients such as minerals, fatty acids, ascorbic acid, phenols, flavonoids, tannins, and sugar [3] . Volatile oils, responsible for the unique and pleasant flavour of R. canina were partially evolved in these actions [4] . Previous phytochemical studies on volatile oils of different Rosa species have led to the identification of more than 400 compounds, classified into several chemical groups including hydrocarbons, alcohols, esters, aromatic ethers, aldehydes, and norisoprenoids [5] . Traditional methods for the isolation of the volatile oils from rose flowers include 2 Organic Chemistry International solvent extraction, steam distillation, or water distillation [6] . Dry distillation is also used for the extraction of high quality essential oil from rose petals [7] . This method which consists in heating the raw material at moderate temperature without solvent (water or organic solvent) is successfully used in the Arabic gulf countries namely, Oman sultanate.
Despite that the hydrodistillation is the most usual method for the extraction of the aromatic water; there are no critical reports on its effects on the product quality. With respect to this topic, the present contribution was aimed at the investigation of the chemical composition of the floral aromatic water obtained from R. canina by two traditional methods; hydrodistillation (HD) and dry distillation (DD). These data are useful since they provide information about the volatile constituents of R. canina from Tunisian origin that has not been reported to date, and to assess the quality profile of this product traditionally used as functional food.
Materials and Methods

Reagents.
Hexane and n-pentane of analytical grade were purchased from LabScan (Dublin, Ireland); anhydrous Na 2 SO 4 and n-alkanes (C 6 -C 40 ) were purchased from Fluka (Buchs, Switzerland). The hexan-1-ol used as internal standard for the quantification of the volatile constituents was purchased from Merck (Shuchardt, Germany).
Plant
Material. Flowers of R. canina L. were harvested from cultivated plants grown in the dog rose biodiversity garden (Mograne, Tunisia; latitude 36 • 26 (N); longitude 10 • 05 (E); altitude 156 m above sea). Means annual precipitation and temperature are 502 mm and 17.9 • C, respectively.
Isolation Procedures
Hydrodistillation (HD).
Fresh flowers (100 g) were subjected to conventional hydrodistillation for 1 h using a simple laboratory Quikfit apparatus which consisted of a 2000 mL distillation flask, a condenser, and a receiving vessel. The obtained distillate was extracted twice with n-pentane and dried over anhydrous sodium sulphate (Na 2 SO 4 ). Choice of the solvent was based on its ability to extract the major constituents of the essence without loss of the high volatile components [8, 9] . The n-pentane extract of aromatic water was then concentrated, at 35 • C using a Vigreux column at atmospheric pressure and subsequently analyzed.
Dry Distillation (DD).
Fresh flowers (100 g) were put in a beaker (2 L) without water and closed with airtight conical lip which contains cold water for the condensation of the volatile saturated steam. The distillates were recovered in a glass funnel (50 mL) inside the beaker. The system was heated at 50 and 100 • C in order to study the effect of higher temperature on the chemical composition of the aromatic water. The distillates were subjected to a liquid/liquid extraction using n-pentane, dried over anhydrous Na 2 SO 4 and concentrated as described above (cf. Section 2.3.1).
Chromatographic Analysis
High Resolution Gas Chromatography (HRGC-FID).
Gas chromatography analyses were carried out on a Shimadzu HRGC-2010 gas chromatograph (Shimadzu Corporation, Kyoto, Japan) equipped with flame ionisation detector (FID), Auto-injector AOC-20i, auto-sampler AOC-20s. A polar column HP-Innowax (30 m × 0.25 mm, 0.32 μm film thickness) was used. The oven temperature was held at 50 • C for 10 min then programmed at 2 • C/min to 190 • C. The injector and detector temperatures were programmed at 230 • C. The flow of the carrier gas (Nitrogen) was 1.2 mL/min, the split ration was 1 : 20, and the injection volume for all extract samples was 0.5 μL.
Gas Chromatography-Mass Spectrometry (GC-MS).
The GC-MS analyses were performed on a gas chromatograph HP 6890 (II) interfaced with an HP 5973 mass spectrometer (Agilent Technologies, Palo Alto, Ca, USA) with electron impact ionization (70 eV). An HP-5MS capillary column (60 m × 0.25 mm, 0.25 μm film thickness) was used. The column temperature was programmed to rise from 40 • C to 280 • C at a rate of 5 • C/min. The carrier gas was helium with a flow rate of 1.2 mL/min. Scan time and mass range were 1s and 50-550 m/z, respectively. The n-pentane extract of aromatic water (1 μL) was automatically injected in the splitless mode.
Compound Identification.
The volatile compounds were identified by: comparison of their retention index (RI) relative to (C 6 -C 40 ) n-alkanes with those of literature and/or with those of authentic standards available in our laboratory, and by matching their mass spectral fragmentation patterns with corresponding data (Wiley 275.L library) and other published mass spectra [10] and by comparison of their retention indices with data from the Mass Spectral Library "Terpenoids and Related Constituents of Essential Oils" (Dr. Detlev Hochmuth, Scientific consulting, Hamburg, Germany) using the MassFinder 3 software (www.massfinder.com/). Quantitative data were obtained from the electronic integration of the FID peak areas without the use of the correction factors.
Statistical Analysis.
The experiment and analytical determinations were carried out in triplicate. The significant differences among extract samples for each the constituents were determined by one-way analysis of variance (ANOVA) using Duncan's multiple range test at the significance level of P < .05. value and mass spectral matching against library standards, and they are summarized in Table 1 in order of their elution on HP-5MS column. Altogether, 27 compounds among them, 9 alkanes, 3 alkenes, 3 sesquiterpene hydrocarbons, 5 alcohols, 3 furan derivatives, 2 monoterpene hydrocarbons, 1 oxygenated sesquiterpenes, and 1 isoprenoid have been identified, amounting to 92.4, 89.8, and 73.9% of the total npentane extract of aromatic water obtained by HD and DD at 50 • C and at 100 • C, respectively. In earlier compositional study on R. canina, 18 and 6 compounds were identified in the essential oils obtained by superheated water and soxhlet extraction, respectively [6] . Therefore, many identified components of the n-pentane extract of aromatic water are being reported for the first time. These components are (E)-3-hexenol, α-pinene, linalool, eugenol, β-caryophyllene, α-guaiene, β-ionone, δ-guaiene, caryophyllene oxide, 1heptadecene, heptadecane, 8-heptadecene, nonadecane, 1nonadecene, docosane, tricosane, tetracosane, pentacosane, and hexacosane. Most of them had been previously reported in other Rosa species such as R. centifolia [11] , R. rugosa [12] , R. damescena [13] , R. abyssinica [14] , R. brunonii [15] , and R. hybrida [16] .
Results and Discussion
For convenience reasons, and to facilitate the comparison between the present results with those previously reported, we firstly present the chemical composition of the n-pentane extracts of aromatic water obtained by HD and DD at 50 • C.
As it can be seen in Table 1 (fifth and sixth columns), the n-pentane extract of aromatic water of R. canina showed a different composition pattern depending on the distillation method. In both samples, alcohols had the highest contribution of the total extract and the main components were eugenol and 2-phenethyl alcohol. The percentage of these components differed greatly with respect to the distillation method. In particular, eugenol was the most abundant component of the volatile oil obtained by HD (45.1%) followed by 2-phenethyl alcohol (13.6%), whereas they showed reciprocal trend when extracted by DD (58.4 and 23.7% for 2-phenethyl alcohol and eugenol, resp.).
The observed differences in the percentage of 2-phenethyl alcohol between the two distillation methods could be due to the loss of this component in the water because of its high solubility (0.8 g/100 mL in water) [17] . These authors reported that 2-phenethyl alcohol is better recovered by solvent extraction (60%) when compared with hydrodistillation (1%). Similarly, Babu et al. [18] found that the content of 2-phenethyl alcohol increased in dichloromethane extract of rose water compared to redistillation with water. In contrast, the higher eugeneol content in the hydodistilled aromatic water could be explained by its lower solubility in water and/or its higher volatility in steam. Evidence for this fact is given by Guan et al. [19] , who found that steam distillation (SD) method was more efficient in the extraction of eugenol than hydrodistillation and soxhlet methods.
Alkanes and alkenes comprised 25.3% in the n-pentane extract of aromatic water obtained by HD whereas their percentage was reduced to approximately one fifth when obtained by DD. In both extract samples, this fraction was characterized by nonadecane, 1-heptadecene, and n-heneicosane as major components. On the other hand, some components like heptadecane, 1-nonadecene, tetracosane, pentacosane, and hexacosane were only extracted by HD.
The percentage of monoterpene hydrocarbons was generally lower in both extracts. This fraction consisted mainly of α-pinene which was particularly more abundant in the extracts obtained by HD (3.5%) than in those obtained by DD (0.7%).
Among sesquiterpenes compounds, only the β-caryophyllene was detected in both extracts and its percentage was significantly higher in the HD extract (2.6%). The other sesquiterpene hydrocarbons α-guaiene and the oxygenated sesquiterpenes caryophyllene oxide were only extracted by HD.
The chemical composition of the essential oils of R. canina and other Rosa species from different locations has been previously reported [6, 16] . In fact, alcohols known for their main contribution to the fragrance value of rose oils were reported as the most abundant chemical classes in R. damascena oils obtained by direct thermal desorption (DTD) and superheated water extraction (SWE) [20] . By using the latter technique (SWE), two years earlier,Özel and Clifford [6] reported that the essential oil of R. canina was mainly dominated by 2-phenethyl alcohol and benzyl alcohol. Volatile oil samples of R. damascena from India [21] , France [22] , and Iran [13] extracted by using liquidliquid extraction of the aromatic water, head-space, and hydrodistillation methods showed an aromatic profiles dominated by alcohols mainly 2-phenylethyl alcohol, citronellol, nerol, and geraniol, respectively. Another report from India reported that the essential oil obtained by the distillation of fresh flowers of R. damascena was dominated by alcohols (55.25-83.41%) with 2-phenethyl alcohol being the main constituent [18] . In Iranian R. damascena, the essential oil extracted by hydrodistillation was found to be rich in βcitronellol (25.59%) [23] .
By using solid phase micro extraction-head space (SPME-HD), Rout et al. [17] showed that the essential oils of R. hybrida consisted predominantly of 2-phenylethyl alcohol, linalool, citronellol, nerol, and geraniol. Jirovetz et al. [24] used the same extraction procedure and found that citronellol (30.71%), geraniol (16.11%), and nerol (7.57%) were the basic constituents of the essential oil of Chinese R. damascena.
The 2-phenylethyl alcohol and citronellol were reported as the major alcohols in the n-hexane extract of R. centifolia from Morocco [11] . The essential oil of R. brunonii obtained by hydrodistillation consisted mainly of eugenol, terpinen-4ol, geraniol, and citronellol [15] .
On the other hand, the abundance of alkanes and alkenes in the essential oils of some Rosa species was previously reported [25, 26] . An appreciable amounts of 2,6,11-trimethyl dodecane and eicosane was reported in R. canina oil obtained by SWE [6] . The octacosane and heneicosane are the major alkanes of the R. canina oil when extracted with soxhlet method as reported by these authors. Buschhaus et al. [27] reported that the alkanes were typical components of the epicuticular and intracuticular wax layer of R. canina leaves. In R. damascena oils obtained by DTD, SWE, and HD, Table 1 ).
this fraction was found with small percentages and dodecane, tridecane, tetradecane, 1-nonadecene, nonadecane, heneicosane, docosane, and octacosane were the major components [20] . Jalali-Heravi et al. [23] reported that eicosane (29.88%), docosane (14.07%), 1-nonadecene (6.54%), and heneicosane (2.01%) were the major constituents of the alkanes/alkenes fraction in R. damascena from Iran. Regarding the main group components, our results were in accordance with those previously reported for R. canina and other Rosa species such as R. damascena [18, 24] . Nevertheless, qualitative and quantitative differences could be observed and may be related with the genetic background, biotic, and abiotic environmental factors, as well as the extraction methods and analytical conditions [28, 29] . The influence of the extraction procedure on the qualitative and quantitative characteristics of the essential oil from different aromatic plants has been extensively investigated [16, 17, 19, 20, 30] . For example,Özel et al. [20] compared the chemical composition of the essential oils of R. damascena obtained by DTD, SWE, and HD and found different compositional pattern depending on the extraction method. They reported that the oil obtained by HD was characterized by its high concentration of geraniol and citronellol, while theoils obtained by DTD and SWE were characterized by higher 2-phenethyl alcohol content. In a comparative analysis of the essential oil of lavandula obtained by solid-phase trapping solvent extraction (SPTE), headspace solid-phase microextraction (HD-SPME), reduced pressure stem distillation (RPSD), and simultaneous steam distillation-solvent extraction (SDE), Kim and Lee [30] found that linalool and linalyl acetate account for 54.14% of the total oil obtained by SPTE, whereas their content ranged from 40.04 to 46.1% in the oils obtained by RPSD and SDE, respectively. The latter oils were characterized by their relative higher terpinen-4ol content. The essential oils of Calendula officinalis isolated by steam distillation comprised sesquiterpene hydrocarbons and oxygenated sesquiterpenes, while those obtained by HS-SPME and headspace-cold finger (HD-CF) consisted only in sesquiterpene hydrocarbons [31] . More recently, Rout et al. [17] showed that the 2-phenethyl alcohol was better extracted by liquid CO 2 of the fresh flowers of Mimusops elengi when compared with hydrodistillation and solvent extraction.
Interestingly, two alcohols, (E)-3-hexenol and benzyl alcohol, were only detected in the n-pentane extract of aromatic water obtained by DD. It can be suggested that these components occurred naturally in the volatile oil of R. canina, but they were only extracted at lower heating temperatures. In this way, Caissard et al. [22] found that the (E)-3-hexenol was a prominent component of R. damascena sepals. Benzyl alcohol has been identified in R. canina oil [6] . Cherri-Martin et al. [32] reported that the benzyl alcohol was rarely expressed or only present in trace amounts in roses oils. Another possible explanation to the absence of these components in the aromatic water obtained by distillation is their higher solubility in water and/or lower volatility in steam. Support to this assumption is given by Rout et al. [17] , who showed that polar compounds mainly oxygenated terpenoids and benzenoids are more likely soluble in water. In our study, the absence of the (E)-3-hexenol and Benzyl alcohol in the hydrodistilled essential oil might be due to their loss in water because of their higher solubility (1.6 g/100 mL and 4 g/100 mL in water for (E)-3-hexenol and Benzyl alcohol, resp.).
Effect of Temperature on the Chemical Composition of the Aromatic Water.
In order to give a direct view of the change on the chemical composition of the aromatic water, DD at excessive heating (100 • C) was carried out. The chemical composition and the TIC chromatogram are presented in Table 1 (seventh column) and Figure 1 (c), respectively. As was expected, the DD at 100 • C offered aromatic water with burnt odour impression and a total of 20 compounds belonging to 7 chemical classes were identified. The alkanes/alkenes fraction has the major contribution (37.8%), and n-heneicosane, nonadecane, and 8-heptadecene were the most abundant components. The other main chemical classes were found to be phenols with eugenol (22.9%) as the major component. Alcohols with 2-phenylethyl alcohol (4.5%) as the main component were found with appreciable 6 Organic Chemistry International percentages. Four sesquiterpene hydrocarbons with cumulative percentage of 4.6% were also detected. This fraction was dominated by β-caryophyllene. The norisoprenoid β-ionone had the lower contribution in the total extract.
The temperature increment seems to be associated with the appearance of furan derivatives which made up 3.2% of the total extract. These components including 2,5-dimethylfurane and 5-methylfurfural, derived from the degradation of carbohydrate via the Maillard reaction, could be responsible for the burnt odour impression [16, 33] . Consequently, the DD at moderate temperature (50 • C) is recommended since it ovoids the generation of these undesirable components providing hence, good oil quality. This is in good agreement with the results of Kapetanovic et al. [7] .
In fact, it is recognized that the high quality of oil is closely related to a substantially higher amounts of oxygenated components and lower amounts of hydrocarbons [20, 34, 35] . Based on this criterion, it appeared that the DD at moderate heating is the best conventional method in terms of aromatic water quality. Moreover, its high efficiency for the extraction of highly odoriferous compounds such as 2phenethyl alcohol, eugenol, and benzyl alcohol [36] could support our suggestions.
Of interest, some identified components in this study have been advocated for their biological activities. Eugenol, for example, is a general acting antimicrobial and antianimal toxin with analgesic properties for humans. It is also used for food preservation and flavouring [37] . The 2-phenethyl alcohol, because of its rose-like aroma and its antifungal activity, is used as a fragrance ingredient in panoply of cosmetic products and foods such as beer, wine, olive oil, grapes, teas, apple juice, and coffee [38] . Moreover, the biological activities mainly antibacterial, anti-inflammatory, and anaesthetic have been shown by β-caryophyllene [39] .
In summary, these data, once satisfactory toxicological information will be acquired, led to justify the traditional use of aromatic water of R. canina as functional extract.
